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The Section of Comparative Medicine was formed in 1923 by a group of people who had in common a peculiar characteristic, that of curiosity. They were curious to learn about anatomy, physiology or pathology in various animal species, whether in relation to a particular organ or to a group of disorders. Presidential Addresses varied considerably over the years not only because of the wide range of possible topics in comparative medicine but also because each President has always been very much an individual affected by the general curiosity permeating the Section, instead of being just a father figure in a specialist field. In this Address on some aspects of development of cerebral function in mammals, I shall discuss some work in progress carried out with all the limitations and disadvantages of an amateur approach on a shoestring budget.
The brain of mammals has a complex structure to which a large number of functions is attributed. Since Albertus Magnus our views have changed as well as our terminology, but in the last hundred years a measuring approach to the study of biological processes has become established. Philosophical and theological speculations have been replaced to some extent by mechanical, and later electronic, measuring equipment. In recent years investigations of either single cells or simple neuronal systems have attracted the attention of many neurophysiologists, but studies of the electrical activity of large groups of cells and particularly of the whole brain of mammals have not been very fashionable, especially in the United Kingdom. Electroencephalography in particular has been considered too unpredictable by cellular neurophysiologists; too difficult to quantify by neurochemists; too complex by behavioural psychologists; and its potentialities have created elaborate fantasies in many enthusiastic and well-meaning clinicians.
In experimental work on the central nervous system of mammals, greater attention has been devoted to the modalities of action of fully developed systems rather than to the understanding of the ways in which such modalities became established. The colossal amount of analytical work in comparative neurophysiology has overwhelmed most of the efforts to try to understand, or integrate, the many fragments of knowledge into a general system of life and maturation of cerebral function.
One of the current fashions about development of cerebral function, and one which permeates the basic sciences including applied electrophysiology, is that of representing an evolving process as a uniform continuum that follows a smooth curve. The increasing importance of statistical methods of analysis in biological work has enticed many investigators into averaging out individual variations rather than emphasizing differences. Divergent individual data tend to be adapted to fit into a 'trend' with emphasis on the coincidence of phenomena rather than on their scatter. These points are mentioned only to explain how a series of irregular steps in the maturation of brain function, when fitted into a probable trend, may in fact lead to an apparent loss of information (Fig 1) . Studies of the developing brain have been approached from different angles, in different disciplines. For example, the excellent work of Dobbing and Davison in this country, and that of Winnick and of Himwich in the USA, established important neurochemical milestones in the development of the brain with either slow or rapid intermediate phases, which do not seem to be interdependent. Nutritional stresses, as originally suggested by the late B S Platt, may affect the central nervous system only during particular phases of its development at times which differ from one species to another.
The pioneering studies of Mme Dreyfus on the electrical activity of the brain in premature babies demonstrated that some EEG patterns are characteristic of particular developmental phases in the period between 6 and 9 months of conceptional age. The work of Anokhin in comparative behavioural studies of young animals, that of Andre Thomas on the neurological examination of newborn babies, and that of Le Roy Conel on the histology of the developing human nervous system are now fully accepted as criteria of maturation. However, in general each worker interested in brain development has followed only investiga-tions in his own field with little time for a shared approach and multidisciplinary studies on the same experimental material. Very few workers, in fact, have been able to combine biochemical and behavioural observations with electrophysiological studies in developing mammals; this is particularly obvious in the United Kingdom where as yet there seems to be little, if any, official support for a brain research centre.
The three groups of mammals which I have studied during postnatal cerebral maturation were selected because the period from conception to birth and from birth to near maturity of brain function varied considerably; for example, postnatal development of brain function is relatively short in the pig, medium in the dog, and rather long in man.
The YoungPig
In the pig gestation is of the order of 113-114 days and litters of 12 to 15 piglets are common. The skills of the newborn pig are remarkable within the first hour after birth. Often, in less than ten minutes the newborn piglet is able not only to stand and walk around, but also to carry out a series of movements with complex changes of direction which eventually bring him along and round the hind legs of the sow (who is lying down) in order to find his place for suckling. The newborn piglet is even able to scramble for his place if most of the teats have already been taken by other piglets. At this stage, the newborn pig responds to both visual and auditory cues, and probably also to olfactory and thermal ones. I have satisfied my curiosity that the newborn pig, within an hour of birth, is also able to demonstrate adaptation phenomena to the repetition of the same stimulus whether of auditory or visual kind.
The electroencephalographic (EEG) features in the newborn pig have not been fully studied. Although I have taken some 240 EEGs in pigs from birth to 12 months, investigations within the first hour after birth could be made in only 6 animals. At this stage thermoregulation becomes rapidly established and in the EEG there are considerable changes in amplitude and frequency of the activity over the anterior as well as the posterior half of the two hemispheres; these fluctuations seem to settle down by the end of the first hour following birth (see Fig 2) . Changes in the state of alertness of the pigs with appropriate changes in the electrical activity of the brain are already well recognizable in the first day of extra-uterine life and short periods of sleep lasting several minutes are frequent in the first 2-3 hours after birth. Usually the piglet tends to suckle for a few minutes after waking up but on occasions he may fall asleep at the breast as many other mammals do. The electrical activity of the brain, once stabilized an hour or so following birth, remains fairly constant for the first week with only minimal changes from the second to the sixth day of extra-uterine life. The size of the brain increases and the staining for myelin, already recognizable at birth, becomes rapidly established (see Fig 3) , being practically close to maturity soon after the end of the first month.
The main features in the evolution of the EEG patterns in the young pig during the second and third week of life are represented by a diminution in the amplitude of the traces and a considerable increase in frequency of the activity recorded both over the anterior and over the posterior halves of the two hemispheres (Pampiglione 1961b , 1962 , Platt et al. 1965 . Oddly enough there seems to be an apparent diminution in the EEG phenomena that can be elicited by various stimuli, just at the stage when the piglet's intellectual and motor skills are being rapidly acquired. By the end of the first month of extra-uterine life, the electrical aspects of brain function have reached a stage close to maturity, the weight of the brain has reached nearly its adult size and myelination is also nearly completed. This, however, is occurring long before the growth curves for both head and body weight even begin to become steep.
In conclusion, the pig, with a gestation period of 113-114 days and a life span of the order of 15 years, has a very short period of motherdependence and an advanced brain development which is nearly completed in 4-6 weeks after birth. Body growth and sexual maturity occur only months afterwards. Experimental attempts to alter the course of development of cerebral function in the pig after birth at term are usually unsuccessful unless started in the very first few days of extra-uterine life.
The Young Dog The dog, in contrast to the pig, has been a favourite animal in experimental work during the nineteenth and the beginning of the twentieth century, but has latterly been superseded by the cat in the interest of most neurophysiologists. The electrical activity of the brain of the adult dog was beautifully described in the original work of Prawdicz-Neminski in 1913, and particularly in 1925. I have been interested in establishing criteria of normality in the changes that occur in the electrical activity of the brain of the growing dog from birth to 1 year of age, and have taken some 2,000 EEGs from 181 dogs. The dog has a rather long period of mother-dependence in comparison with the pig and does not open his eyes for 11-14 days after birth. During the first week of life the pups (whose eyes are fully closed) do not walk, yet they may crawl towards the breast and suck vigorously for fairly long periods. With some considerable effort the pup may turn upright if placed on its back; may be able to lift its head and keep it horizontal for short periods; may turn its head towards, or away from, the source of an olfactory or tactile stimulus but there is no recognizable behavioural response to a loud noise or to a flash of light. At this age it is very difficult to assess when the animal should be considered to be definitely asleep, or quietly awake.
In the EEG, the traces taken some 9-12 hours after birth do not appear to be substantially different from those taken 2-6 days later in the same animal. The activity is discontinuous and appears independently in one or the other region of each hemisphere. The overall amplitude of the traces is about 30-50 ,uV and rhythmic activity, when it appears, is at about 5-15 c/s in small runs.
Marked changes in illumination of the closed eyelid, tactile stimuli or sudden noises do not appear to be followed by detectable EEG changes but on occasions olfactory stimuli, particularly mixed ones such as the smell of ether or acetone, may be followed by fairly prolonged periods of diminution in the amplitude of the traces over both hemispheres.
At the age of 6-8 days the EEG patterns change from a discontinuous to a continuous type of activity with a predominance of 10-15 c/s waves, and some irregular slower components. At the age of about 11-14 days, when most pups begin to open their eyes, there seems to be no gross modification in the EEG patterns whether the animals have their eyelids open or closed. At this stage the behavioural differences between alertness and sleep become less difficult to recognize, but the EEG changes in these two different states are only minimal and do not seem to be clearly parallel to the behaviour of the animal. During this period the motor control of the animal evolves rapidly, the puppy begins to walk, can hold its head in a fairly steady position and can turn over quickly when placed on its back. There is an improved orientation of head movements and towards the end of the first month the pup becomes increasingly interested in its surroundings, becomes less clumsy, begins to growl and is able to orientate its head, nose, eyes and ears in the appropriate direction. An obvious startle reaction may be elicited by a sudden noise and the pup begins to show more clearly reactions of pleasure and fear, alertness and drowsiness as well as definite sleep.
At the beginning of the second month, differentiation between EEG activities of the anterior and of the posterior portions of each hemisphere begins to appear. During this period the dog is nearing its weaning time, becomes stronger, more agile, able to recognize simple objects and is able to climb out of an open box. A whistle begins to become an effective stimulus for the animal both during sleep and during the waking state. The evolution of the electrical activity of the brain continues during the second month with the appearance of particular changes during various phases of sleep. Towards the end of the second month, over a period of less than one week, there is a remarkable change in the EEG with the appearance of rhythmic activity at about 4-6 c/s reaching 150 pV or more, mostly over the posterior half of each hemisphere. It appears only when the animal is awake and quiet and vision is temporarily occluded (for example by gently closing the puppy's eyelids). This rhythmic activity disappears in response to visual and other stimuli and is not seen when the animal is asleep. Towards the end of the second month of life weaning occurs, the dog appears to be quick to learn simple tasks, and recognizes differences between where to sleep and where to feed, and often may deftecate elsewhere. Usually, while running, the front paws and back paws are used together and tail-wagging becomes a greeting sign. The growth of the brain slows down considerably at the end of the second month and the process of myelination as judged by myelin-staining techniques ( Fig  4) appears to reach completion (Pampiglione 1961a (Pampiglione , 1962 (Pampiglione , 1963 .
During the third and fourth months of life there is relatively little change in the EEG patterns and towards the end of the fourth month the amplitude of the traces diminishes; after five months the activity over the posterior half of the hemispheres changes in frequency from 4-5 c/s to 6-8 c/s, of an amplitude of only 20-40 pV, often interrupted by runs of faster activities. This activity is again seen only during a particular phase in the waking state and disappears in response to various stimuli. The dog during this period of life becomes sexually mature and attains adult skills; although brain growth has stopped before the age of 4 months, bodily growth continues for a longer period.
The electrical activity of the dog's brain during development shows fairly precise maturational steps during which, in a few days, the EEG patterns change to those of the next phase of development of cerebral function. These patterns then remain static for periods of a few more weeks or a few months, and then change again over a relatively short period of time: this maturation of the EEG is in steps rather than as a continuum (see Fig 5) .
A loouy an ideal animal in which to study the effect of experimental malnutrition on the central nervous system, as shown by the work of B S Platt and his team with which I was associated (Platt 1961 , Platt etal. 1965 .
The Young Child In the human baby, although pregnancy is long, maturation of cerebral function is slow. Motherdependence is prolonged and is sometimes said never to end. In any group of babies or young children there are some who will appear to be more advanced than othersat least in certain aspects of their development or in some of their skills. Individual variability is considerable and tends to be justified on either genetic or environmental grounds, but at present there are few if any factual explanations. In a mixed population such as that of Greater London, for example, ethnic factors may complicate the results of any investigation into development of cerebral function. The pioneering work of Falade (1955) In summary, the dog, with a gestation period of 63 days and a life span of the order of 12-15 years, has a period of mother-dependence lasting nearly two months. Myelination of the brain begins postnatally and progresses at a fairly speedy pace, while maturation of cerebral function occurs much more slowly than in the pig, and runs more closely to the development of head and body, and eventually to sexual maturity. The dog has proved the studies of Geber (1956) and Geber & Dean (1957 , 1964 in Uganda, have shown that the psychomotor and somatic development of both newborn and young African children is much more advanced than that of European babies of similar age groups. However, it is difficult to standardize 'clinical observation' when it depends on the skills of the examiner, and automatic documentation is lacking. t present the terms 'cerel 'higher nervous activities' are r tities but represent concepts theses. Some physiological p activity of the human brain ma measured and the study of the e the brain gives us a permaner amenable to further processing; The evaluation of the recorde( the lack of uniformity in te( different workers in various c times hard to understand an observations tends to blur indiv Information on ranges of inc in the EEGs of babies at diff limited, but from some I (Pampiglione 1965) it seems I maturation of EEG patteri mammals, is an uneven proce individual. Ethnic factors hav affect cerebral maturation, or; tion of EEG features in young underlying mechanisms are nol number of theories about learn dren is large but it is not know] ual variations in performance m early acquisition of motor ski abilities or to an early or I. ?n human EEG. A, at age 5 months; B, at 10 months; c, at 18 months; sinfrequency, amplitude and topographic distribution bral function' and various 'emotional' responses. From a study iot definable quanwhich I have not yet completed on some 150 or working hyponormal children, it appears that the electrical )arameters of the milestones in different areas of the brain have an y, none the less, be independent evolution in the same baby or child. lectrical activity of For example, the rhythmic activity in the frontont record which is central regions at 8-10 c/s reaches maturity soon and interpretation. after 3 months of age in English children, but in a d data, because of population of negro children this rhythmic chniques used by activity in the frontocentral regions appears well ountries, is somebefore the end of 3 months. Id the latitude of When we consider the rhythmic activity in the 'idual variations.
occipital region which in normal children aplividual variability pears after passive eye closure during the waking erent ages is very state, the electrical milestones are even more preliminary data complex. This rhythmic activity is already detectprobable that the able soon after the age of 3 months at about 3 c/s ns, as in other from a midline occipital electrode half an inch ss for each given (12 mm) above thb occipital protuberance (e been shown to (Pampiglione 1956 (Pampiglione , 1965 . However, at 6 months at least the evoluof age, this activity in the occipital region is r children, but the already at 4-5 c/s instead of 3 c/s and remains so t understood. The for a few more months. By the age of 9 months ing in young chilthe rhythmic activity in the occipital region n whether individelicited by passive eye closure is somewhat differay be related to an ent, being a larger activity at 6 c/s reaching 100ills, or intellectual 200 ,uV. This type of response persists between the ate emergence of age of 9 months and the age of about [24] [25] [26] [27] months with only mild alterations in frequency or in amplitude.
Over a period of some days or very few weeks, a definite alpha rhythm at 8-9 c/s becomes estab-..... lished in the occipital region on passive eye closure in most North European children tested between the ages of 24 and 27 months (see Figs  6 & 7) . This activity is of the order of 50-80 pV <v Coniclusions The significance of maturational differences in the regional activity of the brain is not yet known. Why should genetic and ethnic factors influence to such a considerable extent the evolution of the electrical activity of the brain in the human species, and probably also in various breeds of dogs, or pigs?
It has been postulated that the function of particular areas of the brain may mature more rapidly when the modality of function served by those areas is utilized more intensively at an early stage. In children who are totally blind from birth, the alpha rhythm may not appear at all and passive eye closure may not elicit rhythmic activity in the occipital region at any age. In clinical work I have utilized this phenomenon to differentiate between blindness occurring some months after birth and that affecting the baby prenatally. This is not, however, an 'all or none' phenomenon, as the rhythmic activity in the occipital region may be elicited by passive eye closure in babies with extensive bilateral cataracts, that is, in children who are considered blind because they cannot recognize shapes or colours although still able to distinguish light from darkness.
If we believe that the afferences from peripheral sensory organs do facilitate regional development in the electrical activity of the brain at a given age, then by a careful EEG study of children with various types of malformations, we should be able to collect additional data on development of cerebral function. Bates (1951) demonstrated that the beginning of some voluntary movements is linked to particular phases of the rhythmic activity recorded at cerebral level. At the time of the thalidomide withdrawal I discussed some of these aspects with Dr E P Quibell who has a very large experience with so-called 'thalidomide babies'. I then carried out serial EEG studies on 20 of his patients, all with severe agenesis of the limbs. This study was planned to see whether the lack of afferences from fingers, hands and arms of these children might have an important effect upon the cerebral electrical milestones in the first few years of extrauterine life. To my surprise, gross anatomical deformities, including the absence of all four limbs, did not seem to influence to any great extent the regional developmental patterns of the EEG in the first 2-4 years of life (Pampiglione & Quibell 1966) . Little work has been done to date in the study of the cellular population of the sensory motor cortex of these 'thalidomide babies' who die early. In view of the EEG findings, it would be interesting to see whether areas of the brain corresponding to the absent limbs might be histologically similar to, or different from, those of normal children of the same age.
Several of the theories of learning in young babies may have to be reconsidered in view of the fact that babies with total agenesis of the arms are able to recognize objects, learn to speak, and to utilize their prostheses without going through the more usual steps of fingering and mouthing objects, and without even being able to utilize from an early age the postural and motor responses of normal children.
Electroencephalography is only one of the many physical signs in the complex jig-saw puzzle of clinical and experimental medicine. Elaborate analysing equipment (including computers) is of course of great help in integrating and supplementing the eyes and the brain of the trained observer, but unless the primary data are collected accurately, further processing will be of no help.
It must also be remembered that electroencephalography, with its various techniques and limitations, is the only method that can give some information of what goes on at cerebral level. There is no way of translating behavioural phenomena into neurochemical terms, nor neurochemical phenomena into precise behavioural or EEG features. Even more obvious during development and maturation of brain function in mammals is the lack of correlation between some changes in behaviour and the recordable aspects of the brain's electrical activity.
We should not be discouraged, however, by the extent of our ignorance and we should remain as curious as we were, remembering that humble, patient and methodical curiosity may lead to a little more understanding.
